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VII. CONCLUSIONS 

A. Environmental 

1. Benzene concentrations in air ranged from 0.1 to 0 .37 ppm . 
Ethylene oxide (EtO) concentrations in air in the vicinity of 
the sterilizer/storage area ranged from 1.4 to 5.8 ppm. · 

2. Total and respirable particulate and other organic solvent 
vapors assayed were below applicable limits. No nitrosamines 
were detected in air . 

3. Use of makeshift solvent dispensers and storage of bulk 
solvent in glass bottles in the assembly area presents an 
unnecessary exposure hazard to workers (albeit below mandatory 
limits), a spill hazard, and probably excessive use of solvents. 

4. Periodic purging of injection molds, combined with minimal and 
sporadic fresh air supply and exhaust ventilation, results in 
unnecessary exposure of workers in this area to fumes. While 
concentrations are below applicable limits for inert particulates, 
these fumes may not be inert and may merit control to a lower 
concentration. 

5. Minimal fresh air turnover in the extrusion room re.stilts in 
buildup of isopropanol concentration in air to an unnecessarily 
high exposure level (albeit below applicable limt), which a 
modest amount of ventilation could alleviate . · 

B. Medical 

1. Except for some possible irritation caused by exposure to 
solvents and glues, the health interviews did not show any 
consistent work-related health problems. The cancer deaths 
for which death certificates were available did not show any 
unusual concentration of certain kinds of cancer. Since the 
latency period between exposure and development of cancer is 
long (15 years or greater), and this plant is relatively new 
(since 1961), it is very difficult to evaluate the risk of 
cancer in this population . 

2. Although there is no absolute 11 normal 11 rate of spontaneous 
abortion, most sources estimate that somewhere around 10-15% 
is the normal range. The actual percentage obtained by self
report might vary depending on a number of factors. All women 
may not accurately recall or record their pregnancy history, 
perhaps excluding miscarriage. Furthermore, early spontaneous 
abortions can go unrecognized and some women might be more 
likely than others to seek health care and record early 
spontaneous abortions. Finally, the risk of spontaneous 
abortion depends upon the age at which a woman becomes pregnant 
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and a number of other medical factors. It appears from these 
data that the percentage of pregnancies ending in spontaneous 
abortion is higher among employed pregnancies than among pre
employment pregnancies. There are several factors, however, 
that make. direct comparison between these two groups difficult . 
The pre--employment pregnancies, in general, happened much 
farther back in time, and women are less likely to recall and 
report spontaneous abortions that happened a number of years 
before. The average age at pregnancy was higher (26.3) among 
those carrying their pregnancies during employment than those 
before employment (21 .9) . Since the risk of spontaneous 
abortion increases with age, one might expect to see a higher 
rate among the employed group. Finally, the number of pregnancies 
(61) and the number of spontaneous abortions (6) is very low, 
making it difficult to evaluate whether or not the proportion 
of these pregnancies ending in spontaneous abortion is high, 
or whether certain jobs are associated with spontaneous abortion . 
However, in comparison to other populations, the percentage of 
pregnancies ending in spontaneous abortion among working women 
is bel ow that usually found (10-15%) . From these limited 
data, there does not appear to be evidence of an elevated rate 
of miscarri age in these workers . 

VIII . RECOMMENDATIONS 

1. If ethylene oxide sterilization is conti nued , engineering 
controls such as ventilation and enclosures should be imple
mented to reduce exposure to the lowest feas ible limit . 

2. Solvent dispensers designed to reduce evaporative loss (such 
as spring-loaded perforated-top dispensers) or other controls 
should be considered for use in the assembly area to reduce 
air concentrations of solvent. Bulk solvent should be kept in 
unbreakable containers or otherwise protected against spillage. 

3. Increases in fresh air turnover in the extrusion and i njection 
mold areas, and more regular use of exhaust ventilation in the 
mold area during purging should be considered. 

IX. REFERENCES 

1. Criteria for a Recommended Standard-Occupational Exposure 
to Alkanes, U.S. Department of Health, Education and Welfare. 
DHEW(NIOSH) Publication No . 77151 (March 1977). 

2. Threshold Limit Values for Chemical Substances and Physical 
Agents in the Work Environment with Intended Changes for 1983-
1984, American Conference of Governmental Industrial Hygienists, 
Cincinnati, Ohio, 1983. 



Page 15 - Hazard Evaluation and Technical Assistance Report No. 83-159 

3. Special Occupational Hazard Review with Control Recommendations
Trichloroethylene. National Institute for Occupational Safety 
and Health, Publication NIOSH 78-130, 1978. 

4. Pocket Guide to Chemical Hazards, U.S. Department of Health, 
Education and Welfare and U.S. Department of Labor. 
DHEW(NIOSH) Publication No. 78-210 {September 1978) . 

5. Revised Recommendation for an Occupational Exposure Standard 
to Benzene. U.S. Department of Health, Education and Welfare. 
Unnumbered NIOSH Publication, 1977. 

6. General Industry Standards, Occupational Safety and Health 
Administration, Publication OSHA 2206 (November 1978). 

7. Current Intelligence Bulletin 35 - Ethylene Oxide (EtO) 
National Institute for Occupational Safety and Health, 
DHHS (NIOSH) Publication No. 81-1~6 {May 22, 1981) . 

X. AUTHORSHIPS AND ACKNOWLEDGEMENTS 

The cooperation of Mr. Don Lawrence, Mrs. Evelyn Howard and 
Mrs. Sandra Bobo and other management and union officials in 
the environmental evaluation is hereby acknowledged . 

Evaluation Conducted and Report Prepared by: 

Epidemiology Evaluation and Report: 

Industrial Hygiene Eval. and Report: 

Report Typed by: 

Originating Office: 

Carl M. Shy, M. D. 
Ms. Betsy Marshall 

Ted M. Williams, M.S.P.H. 
J.L.S. Hickey, Ph . D.,C.I.H.,P.E . 

Ms. Pamela Hooker 

Occupational Health Studies Group 
School of Public Health 
University of North Carolina 
Chapel Hill, NC 27514 

Representing the National 
Institute for Occupational Safety 
and Health under Cooperative 
Agreement 1 U01 OH 01164-01 



Page 16 - Hazard Evaluation and Technical Assistance Report No . 83-159 
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Form Number 

survey of Preg~ancy Outcoaea 

Ou cs ti onpai re 

Age 

Date of Birth CD COCO 
Month Day Year 

Race l. White (non-Hispanic origin) 4. Asian 
2 . Black s. American 
3. Hispanic 6. Not sure 

When did you first start working for this company? 

CTJ o::J 
Month Year 

Have you ever been married? (Check one) 

D 
No 
( 0) 

D 
Yes 
(l) 

If No, go to question 10 

Indian 

6. Are you presently 111Arried, widowed, divorced, separated, or 
have you never been married? (Circle one) 

Married l 
Widowed 2 
Divorced 3 
Separated 4 

1. When were you and your (present, last, or · ex-) husband 
marrieil? 

CI:J CD 
Month Year 

APPENDIX I - ·Medical Questionnaire 

2 

B. If you are not married now, when did you become widowed/ 
permanently separated from your (present/last/ex- ) husband? 

I o:::::J 
Month Year 

9. If married more than once, when were you first married? 

.___...__.I CI] 
Month Year 

10. Save you ever been pregnant? This includes live births, 
stillbirths, miscarriages, tubal pregnancies, or induced 
abortions . (Check one) 

DD 
No Yes If No, go to question 14 
( 0) ( l) 

11. Counting all pregnancies, including this one if you are 
presently pregnant, bow many times have you been pregnant? 

Number of Pregnancies 
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0... 
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:::::! 
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-.::i 
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rt 

:z 
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(X) 
w 
I 

. Ul 
l.O 
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12. Please fill out the chart belov beginning with your first 
pregnancy on the left. Put a check in the box corresponding 
to the outcome of that pregnancy as indicated in the 
example. 

Ex-

Number of Pregnancy 

Earliest Latest 
RPAlll t 

r tve hi rth 

Mi .,,.. .. rrl,.~a 

Stil 1 hi rth 
Induced 
abortion 

Now or,., na nt 

Date of 
birth, 
mi scar-
riage, 
or 
abortion 

VP2r 

M""+-n 

amnl e 1 2 3 .. 5 Ii 7 g q 

v 

1 Qf;'l 

02 

13. For each pregnancy that ended in miscarriage, did you 
go to a doctor, clinic, or hospital when it happened? 

For each miscarriage, please give us the name and loca
tion of the doctor, clinic, or hospital. 

Did you 

10 11 

go to a 
Doctor/Clinic? Doctor Cl ini c/Hospi tal 

YPA 't.l" 1\1>1m"' Ci +-v 

Miscarriage l 

Miscarriage 2 

Miscarriage 3 

Miscarriage 4 

Miscarriage 5 

14. 

' 
Do you smoke or use any other tobacco products now? 
(Circle one) 

0 Non smoker 
l Cigarette &moker 

2 Snuff or chewing tobacco 
3 Pipes/Cigars 

15. If you smoke cigarettes, how many packs per day do you 
usually smoke? (Circle one) 

O Less than one pack/day 
l About l pack/day 
2 About 2 packs/day 
3 More than 2 packs/day 

16. Do you drink alcohol? (Circle one) 

17. 

0 No 
l Yes 

If no skip question 17 

If you drink alcohol, how 111Any drinks per week do you 
drink? 

Bottles of beer per week 
Glasses of wine per week 
Mixed drinks or shots of 

liquor per week 

18. What is the highest grade of school you completed? 
(Circle one) 

19. 

O Elementary ( 0-8 ) 
l Bigh School (9-12) 

2 College 
3 Technical school beyond 

high school 

We may find it necessary to obtain information about 
your pregnancies from your doctor or hospital. we need 
your permission to review these medi cal records about 
you. would you please sign below, giving us permission 
to review these (and only these) medical records, if 
this becomes necessary. This information will be kept 
confidential. 

I hereby authorize the personnel involved in conducting 
this survey permission to review my medical records 
concerning the outcome of my pregnancies. 

Your signature Date 

APPENDIX I - Medical Questionnaire (cont'd) 
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APPENDIX II 

Threshold Limit Values for Mixtures , i.e . 

Where: C = atmospheric concentrations and 
n 

T = the TLV for the specific agent 
n 

(Using Intended TLV Change - 1975) 

l . Personal, connecting, 
worker using solvent, 
(no break) 

Methyl Ethyl 

Charcoal tube 1001 

Ketone + Isopropanol + Benzene + Toluene + Cyclohex?none 

10.8 + 35.2 + 0.10+0.22+17.4 = 0 94* 
200 400 l 100 25 . 

2. Personal, extrusion area, 
coiling (no break) 

Methyl Ethyl 

Charcoal tube 1006 

Ketone + Isopropanol + Benzene + Toluene 

3.9 + 124.5 + 0.27 + .54 = 0.60* 
200 400 l 100 

3. Personal, Iodine Room, 
worker gluing sponge 
sticks 

Charcoal tube 1011 

Methyl Ethyl + Isopropanol + Benzene + Toluene + Tetrahydrofuran 
Ketone 

_:±3.4 + '§2.7 + 0.12 + 4.8 + 7.9 = 0 63* 
200 400 1 100 200 . 

* TLV for Mixtures (Permissible TLV = 1) 



Form No. __ _ 

S!WU.ESS QUESTIONNAIRE 

1. eave you ever been pregnant? (Mark one) 

2. 

3. 

'· 

DD 
NO Yes 
(0) (l) 

If you have never been pregnant, you do not need to 
ansvec tbe rest of the questions. Tbanx you for your 
help. 

Bow many times have you been pregnant? Please count 
All pregnancies, including those ending in a live 
birth, miscarriage, abortion or stillborn. 

c::::J Number of pregnancies 

Bow 11\Any babies have you ever had {n;t counting 
miacarriages, stillborn children, stepchildren, or 
adopted children)? 

c:J Nwnbec of babies 

When vece your children born? Please fill in the month 
and year that your children were born, 8'Yeo if they are 
no longer living, beginning vith the oldeat child. 
Please put the number of the month (Jan • 01, Feb • 02, 
etc.) and the year. 

f!onth Year 

Firat baby CIJ CD 
Second baby [I] CD 
Third baby CD CD 
Fourth baby CIJ CD 
Fifth baby CD CD 
Sixth baby CD CD 
Seventh baby CD CD 
Sight baby CD CD 
Ninth baby CD CD 

XQYDSU:lt Tenth baby CD CD 

s. eave you ever bad a miscarriage or stillborn chifd? 

6. 

7. 

DD 
No Yes 
(0) (l) 

If you answered no to this question, you do not need to 
ansver any more questions, just return this form to 
your supervisor in tbe envelope provided. Thank you 
foe your help. 

When did you have your miscarciage(s) or stillborn 
child(cen)? Please fill in the month (Jan • 01, Feb • 
02, etc.) and year that you bad each miscarriage or 
stillborn child. 

First miscarriage or stillborn 

Second miscarriage or stillborn 

Third miscarriage or stillborn 

Fourth miscarriage or stillbocn 

Fifth miscacciage or stillborn 

Month 

CD 
CD 
o:J 
o:::J 
CD 

Year 

CD 
CD 
CD 
CD 
c::cJ 

If you had a miscarriage, 
clinic vhen it happened? 
listed above, pleai>e give 
that you eaw and the name 

did you 90 to a doctor or 
For each miscarriage you 
us the name of the doctor 
ot the clinic or hospital. 

f'iret miscarriage 

Second miscarriage 

Tbird miscarriage 

Fourth miscarriage 

Fifth miscarriage 

Did you go 
to a doctor/ 

clinic? 

Yes No Doctor 
Name City 

DD 
( l) (0) 

DD 
(1) (0) 

DD 
(l) (0) 

DD 
(1) (0) 

DD 
( 1) (0) 

Boi>pital/ 
Clinic 

Na111e City 

APPENDIX III - FOLLOW-UP MEDICAL QUESTIONNAIRE 
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